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ABSTRACT 

A single phase re\uctnl1ce motor is const ructcd so t \wt either the rotor or 

the stator (or both) lU1S poles ill whidl there nre areas of different 

::;aturaliUll inductioll (Ulcrcl)y forming an <.:ymrnctric saturation 

characteristic in these poles), as H result of which an aligned position of 

the movable member bccomes !lon - cdigncd at increasing excitation 

current and the movable member begins to move in a predetermined 

direction. 
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CHAPTER ONE 

1.0 INTRODUCTION 

The principle of COIlVtTSIIH1 or clcct ricul energy into rncohanicnl 

energy by clectromagnetic means was demonstrated by the British 

Scicntist. Michael Fcll';Ul:iy ill I g21 alld cOllsisted of a free hanging wirc 

dipping into H pool of rncrcury. A. permancnt magnct. was place in thc 

middle of the pool mercury. When a current was passed through the 

wire, the wire rotated around the magnet, showing that the current gave 

rise. to a circular magnctic field n round t he wire. 

This .motor is uilcn demollstrated in school physics classes, but 

Brimc (salt watcr) is somctimes used in place of ~he toxic mercury. This 

is the simplcst form of a class of electric motors called homopolar 

motors. A latcr refincment IS the Barlow's whecl. These wcre 

dcmonstration dcvic(~s, unsuited to practical application due to limited 

powcr [41 

The first COllllllutator - type direct current. electric molor capable of 
., 

a practical application was invented by the British scientist William 

Sturgeon in lR32, following Sturgeon's work, a commutator - type direct 

- current motor made with the intention of commercial use was built by 

the American Thomas Davenpot and p8tented in 1837. Although several 

of these motors were built and used to oper > :.e equipment such as 

printing press, due to tilt: high C(Jst or prillHlry baUery puwer, the motors 

were commcrcially unsLlccessful and Davepot went bankrupt. Several 



? 

inventors followed Sturgeon in t he dt~velopmcnt of DC motors but all 

encountered thc same cost isslles wit h pnmmy bat ler power. No 

elcctricity distributio/l IIHcI I)CCII devel()ped (It tile tillie. Like Sturgeon's 

motor, there was Il() practiced C()llllflCrcial market IiiI' these motors. 14, sq. 

The modern DC motor was invcnted IJ.Y ,Iccidcnt in 1 R7:1, when 

Zcnobe Grammc connected the dynumo he lwei inventcd to a second 

similar unit, driving it as a motor. The Gramme machine was the first 

electric motor that Wa~. successful in the industry. [4, 101. 

In 18R8 Nikoln Tclsn invented t h(' !'irst practicable AC motor and 

with it the poly phase power trallsmission system. Telsa continued his 

work on the AC motor in the years to follow at the Westinghouse 

Company. [5J 

1.1 AIM AND OBJECTIVES 

This project work "single - phase reluctance start induction 

JlIotors" is <limed ,II lIsed ill S()llIC 11()IlIC ilppliallces and lower - power 

bllsiness nppli,mcc ,lIld ill SOllie places where three - phase appliance is 
I 

not availahle. 

This research work is often the first. choice because of t.heir durable 

constrllction, maintenance, rree operation and low cost. [31. 



1.2 AREA OF APPLICATION 

These motors are used 111, fans, blowers centrifugal pumps, 

cent.rifugal separators, washing mach illes, grinding machines, domestic 

rcfrige.'at.ors, and oil burners on t.he whole analysis, t.hey are cheaper 

than the capacitor start type of motors. 

1.3 METHODOLOGY 

In order to understand how the single phase reluctance start 

induction motor works, a basic understanding of the physical principles 

and fundaments governing motor design and operation is required. We 

will start with the basic principle on which the induction motor is able to 

convert electrical enel"gy into mechal1ical energy. 

The basic operation of a single phase reluctance start induction 

motor is based on two electromagnetic principles: 

1. Current /low in a cOllductor will creat.e a magnetic field 

surrOLlIHlillg the cOllductor and 

2. If a conductor is moved through this magnetic field, current 

is induced in the conductor and it will create its Qwn' 

magnetic field 

, 
The fundamental single phase reluctance start induction motor 

consists of two basic parts. These t.wo parts are: 

• St(llor 

• Rotor as Depicted below 

3 



Fig 1 . 1 Rnsic Component s of (l single - ;"'has~ reluctnncc stnr!. 

Induction mot~r 

1. Stator: The stator is constructed of a set of stacked laminated 

discs which are surrounded by a stator winding. This winding is 

connected to the proper power supply (voltage, phase and 

frequency) and produces a magnetic field that revolves around 

the motor at a speed designated "synchronous". 

2. Rotor: The rotor is connected to the output shaft and consists 

of a shorted aluminum winding which is cast in slots and 

stacked and joined at both ends of the stack with end rings. Tne 

rotor acts as a conductor which when nlaced in the magnetic 

field of the stator windiug crcntes a magnetic field of its own 

and interacts with the magnetic field of the stator, producing 

torque. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

P'ractioll;d rnot()l'S :Ir<' clnssili('d ;IS single pll:lsc motors. The vvor<l 

"fractiorwl" is lIsed to intiica\c thaL the ratings ure some fractions of a 

horse power or a Jnotor r(ltill!~. 

Uses 

They are used. in refrigerators, grinding machine, fans, drilling 

machines, machines mostly used for domestic application, aviation 

industries, computers and COITIIllIllllC(ltioll cquipmcnts. 

These machilles arc ll<lllwd (lHer their constructional features and 

met.hod of starting. They can be found as: 

a. Induction Motors, which can be sub divided into 

1. Split phase 

11. Capaci tur 

111. Shaded pole motors 

h. Repulsion motors: These Hrc also called illductive series motors 

c. Alternating current series m~)lor 

d. Synchronous motors (unexcited) 

2.1 UNEXCITED SINGLE PHASE SYNCHRONOUS MOTORS 

These motors are j"ullnd ill two constructions: 

1. r~eluctance motor 

'), . II y s t (~rs is III ()' () r 

Their characteristics <Ire as follows: 

5 



a. They operate from a single phase A.C. supply 

b. They run at a constant speed i.e. the synchronous speed of the 

rotating flux 

c. They don't need D.C. excitation for their rotors that is why they 

are called unexcited motors. 

d. They are self starting 

The reluctance motors constructions are divided into two types viz: 

a. The split phase type reluctance motor 

U. The cFlpFlcitor type reh.1CtFlnce motor 

The split phase type has a stator of the convection split phase 

motor provided with a centrifugal switch to disconnect the auxiliary 

(starting) winding during running. The capacitor type, consist of a stator, 

identical to that of a permanent split capacitor run single phase motor. 

The stator in either construction produces the rotating magnetic 

field. The rotor in either construction is similar. The main feature is that 

its construction produces asymmetric magnetic nux, which reacts with 

the rotating field to produce a starting and running torque. The 

• 
asymmetric construction can be achieved by removing some of the teeth 

of a symmetric squirrel cage rotor as shown in Fig. 2.1. The construction 

provides a salient pole rotor, where the magnetic reluctance is not 

uniform in the air gap between the rotor and stator. This overall effec~ is. 

thut the J'cluclance offered by the rotor against the stator flux varies at 

. different positions of the rotor. [1]. 



Fig. 2.1 
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Four pole rotor of a reluctance motor 

1\ Hingle plwHc n:lucl;IIICC /nolor iH cOllstructed so lhal eilher lhe 

rotor or the stator (or both) has poles in which there are areas of different. 

saturation ,induction (thereby forming an asymmetric saturation 
" 

characteristic in these poles), as ,a result of which an aligned position of 

the movable member becomes non - aligned at increasing excitation 

current and the movable member, begins to move in a predetermined 

direction. 

AUXILIARY 
WINDING 

RESISTOR 

MAIN WINDING 

f-e, 
I 

- -- ROTOR- --

Fig 2.2 The Split phase type reluctance motor 
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MAIN WINDING 

r----~--r· , .' II . '~f-' 
AC) ( / I • 

SINGLE AUXILIARY i \ l 
P\\I\SE WINDING '( . ROTOI{--

suPP~y ( I .. 

~_~_I~(I __ __ 'e_!./ 

Figure 2.3 The capacitor type reluctance motor 

A single phase reluctance motor comprising a stationary member 

and a movable memb(T which is movable rcbtivc to said stationary 

member, an air gap being forrned between said members, one member 

com prisi Ilg a Illagl Ie I ic; lily pl '1"1 lIe(1 ble Ii. 'ITOIl\(\gnet ic hody having salient 

pole parts and the other member comprising an electrically excitable 

ferFOmagnetic body- having salient pole parts, wherein one of the 

permeable ferromagnetic members is constructed in such a manner that 

comprises, spaced along the air gap circumference, first areas having a 

lower s(\tllnlliOIl inductioll (lnci the second areas having a higher 

saturation induction to prod lice an asym-metrical saturation 

characteristic, as a result or which an aligned position of the movable 

member becomes non - aligned at increasing excitation current and thlf' 

movable member begins to move towards a new aligned position as 

shown below [2] 



NR • SR '" ROTATED FIELD 
Ns . 55 '" ST ATOR riEL!) 

11 ~;, 11 1iONIIHY 

B. ROTATING 

Figure 2.4 Rotor Current in 8 single - phase reluctance start induction 

motor 
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2.2 DESCRIPTION 

I~cluctance rnotors \);lsiccdly cOlllprisc (\ stntionary membel' (stator) 

and a movnble me.mher (rotor), the stator being provided with a ::.ingle -

phase or poly phase electric,,1 willdillg which prryiucc::. a magnetic flux 

through the stator and the rotor whell a current i~ passed through. the 

winding. The rotor and the stator consist of ferromagnetic materials 

which are readily magnetizable up to H certain maximum indication, the 

saturation induction; initially the induction ill the material increases 

rapidly ill response to an increasing current in the electrical winding and 

subsequently it increases only slightly. This efrect is called saturatioll. 

The construction of a single phase motor is very simple. 

Nl 
-------- --.. ,-----

C+.l (+) ~~ Ma;n w;nd;ng 

(+) 

(+) N2 Starling (Auxiliary) winding 

(~) ~~/ 

(-8 

Main air gap 

S1 

Fig.2.S ConstructionAl feature of a typical single phase motor 

Where NISI - North + ::.oulh poles of main winding 

N2S2 - North + South poles of auxiliary winding 
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The magnetic forces produced under the influence of the current 

cause the rotor to be rot<.ltcd tow,lnis (1 position in which the rotor and 

the stator teeth ,Ir(' sit lI;llcd (IS ('I()sl'iv (IS possible opposite one <ll1other, 

this is the so - called Hligllccl posil ion in which the stored magnetic 

energy is maximal. Ilu\ivcvcr, Ilw illiti,lI dircclioll c;' rotation of this single 

- phase motor is dependent on I he inil in) position or the rotor and if the 

motor is alrcady in the Clliglled posit jun, it will 110t be rotated at all. The 

motor will then fail to start. 

In order to (lvoid Ihis, slwll II\(lI()r~.; ;Ire plllvic\('d either \vill, "II 

auxiliary winding ur viith a llOldillg Ill<lgncl, which ellsure that the rotor 

always rClllains ill a (II' Cclll be 1I1ovcd to (Lluxiliary winding) a given orfset 

position relative to the aligned position [2] 

! I 



CHAPTER THREE 

3.0 DESIGN SPECIFICATIONS 

Power P:2 == lOUW 

Vo\t<lge = 240V 

Power Factor (COS(p) = 0.:3 

Speed (n) = 1500rpm 

Number of poles = 2P = 4 

Frequency I" == SOlIz 

Number of phase = M := 1 

., 120 I 120 x 50 
Speed, n = ----~::::: --.--- = 1500l',JIIl 

2p 4 

Rated milli - horse power (rnhp) 

. \\'ull 70 
IIlhp :::: 1 UOt) x - .-::::: I (JOO x -. ::::: lJ3.8I1litl' .......................................... 3. I 

. 746 746 

3.1 CALCULATION OF THE MAIN DIMENSIONS THE D2L 

'I'} \ f' 1 . . 1 I lff) 2 L ,. f.j 1C VO lIIllC 0 t 1C rotor IS approxlI11Hte y equa to -4- n 

D := Stator internLlI diameter 

This could "Iso represent the rotor dimncter since the air gap is normally 

vcry sl1",l1. 

The volt -- ampere (VA) rating of the motor can also be expressed as: 

" IO() I ()O ...... == .---. --" ._-- :::: .. --.- -... _.-_. -.--- ::::: .-- _._- = (),52.3V/I. ...................................... 3.2 
'ICOSqJ O.35x(U O.IOS 

12 



Where P2: output power = IOOW 

q: EfTicicncy = 3;')(1., 

Coscp: Power factor = 0.3 

The output codlicicltl {"<III Ill' ('xprcss('d (IS Ci\ c.~ 11 KWBg.1\. 

Where KW: Winding f(wtnr = O.()2 

Bg: Specific IT10gnctic loading = ().~rr 

A: Specific electric loading 

We havc to introduce the pole pitch '1'" [hi 

.. ;11 ) .'. I ,I ~ x I) 
II' = ...... =-.. -- ..... ---=() 7X55/J ...................................... J.1 

2/' 2 x :2 

For the p8rticulnr lllotor, the rntio of the stator length of lhe pole pilch is 

K = 0.34 

. IN, 
A. = --...... - ........................................................................... 3.2 

J[j) 

The length of the stator CCl1l he expressed as 

I\nIJ 
/,~-.-.--

21' 

L = K x O.7855D 

= 0.34 x O.7855D = O.26707D 

Since 

"J' 9,)} ()'i) 
D:2L = '-.- = --.-~---. = .. -.. ~::----- = O.O()07X39m 1 

................ 3.3 
('" 4H5 76 x 2:) 12144()() .• 1 

Then~r()re 

13 



D2 x O.26707D = O.O(j~)7839 

0 30.267070 = 0.0007839 

Therefore 

{
------.. ------
0.0007839 

f) == -.-.. ....- = 0.1 04X/II 
0.2(,707 

The stack length of the stGlt.or or the mot.or is 

L) :::: O.2G707 x 0.] O<1g -= O.027()Rrn 

/) 0.1048 
The outer diameter of the stator, Dil == .-.. - ::::----- .-.-- :::: O.16375m 

]( n 0.64 

f(1l is n constnnt = 0.(,<1 

3.2 CORE LOSSES 

These dimensions give a pole that docs not depart seriously from a 

square. The pole pitch cnn now he deduced. 

nD 3.142 x 0.104R T ::::.---.-:::: -------------- :::: 0.OR232 
p 2P 2 x 2 

3.3: 1 Air Gap Leng~h 

Ig :::: 0.2 + 'ifDL is the empirical formula 3.6.2 [6J 

== 0.2 + VO~002g22s 

= 0.2 + 0.10811 

I~ :::: 0.3081 1 mm 

But effective air gap =. O.SIll 

14 



The no load flux (pm is determined by (pm = BgTLl 

<Pm = 0.3 x 0.08232 x O.027R<J 

= O.000()89wb 

(1)1ll = O.f)R9mwb 

The number of turns per phase is determined by: 

V N = ------------ ---
4.44FKW(PTH 

240 
------------------

4.44 x 50 x 0.92 x 0.000689 

240 
::.: ... 

0.14072 

1705.51 

= 1706turns 

The number of turns per pole is 

N\ 1706 
N - ----- - -------- - 407 3 4 l' - P - 4 - ~ ..................................................... . 

The hurnher of stator slots per pole is chosen to be 4 i.e. g = 4 

3.3.2 Specific Magnetic I .. oading Bg 

The total flux of poles is pel) wcbers and the total surface area of 

the air gap is J[ DL. 

Pcp '2 
Therefore, I3g = ------ zuh / m ...................................... 3.5 

IfD]' 

The valllc of I3g, the specific magllet ic JUHding should not be so high as to 

cause magnetic saturation ()r leeth. The value of Bg for this design IS 

chosen as 0.31'. 

15 



(Where T = lObjm2) 

3.3.3 Pole Arc 

b' = a gi 

2 
Where (J g = = O.f;4 (pole nrc c(1ctTicicnt) 

7r 

Therefore b' = 0.64 x 0.08232 = O.52GB 

3.3.4 Pole width 

Bmp == O.6b' 

::0 O.O~~ 1 (>Ill 

The llormal currcn! is 

S 952 
J1 == -- = ---.-- == 3.966A 

MV 1 x 240 . 

For average and lOW power 50Hz motors, current density ranges from 3 

- BAjmm2. 

Taking n current dCllsily ()f q - 4A/mm2 

The cross sectional area of the conduclor is 

. I) 3.966. 2 
Ai = _.- = --- == 0.9921n11l 

lh 4 

3.3.5 Diameter of the Conductor 

d == 1. 12:1mm 

16 



3.3.6 Rotor Computation 

Rotor slots, since rotor hal's lwve to he employed here, the number 

of rotor slots has been chosen (IS 22. The slot pitch of the rotor can be 

expressed as: 

Iff) 3.142 x 0.1048 
VS2 = ----.- = ------------- .--- = 0.0 1496m 
'S2 22 

3.3.7 Equivalent Rotor Current 

The equivalent rotor currcnll:2 is approximately expressed as: 

b' = I lCOS(P = 3.9(16 x 0.3 

1/ = I. 1 H<JHA 

The 11l11ll1wI" or rol()t· ~.;\ols )WI" po\t' is l'.'\pn'ss('d us 

s2 22 
g2 = 2P = -4- = 5.5 Rotor slots/ pole ................................ 3.6 

BAR CURRENT 

The bar current Ib is expressed as Ib = 12' (2KWNT/S2) 

Ih= 1.1868 (2 x 0.92 x 427/22) = 42.<\91 

Where 

1/ =. The rotor equivalent current 

KW= Winding factor 

NT' = The number of lurns per phase of the stator 

82 = The number of stator slots 

Taking 112 = 4A/mrn'2 as the current density should give a reasonable 

starting torque. 

Area of bar is expressed HS: 

) 7 



_ Ib _ 42.491 2 , 
Ab - --- - -------- nun ........................................ 3.7 

lJ2 4 

= lO.622mrn :i 

The depth and widt h or the rotor lmrs can he deduced with due 

consideration to the nrcct 1\". 

,Diameter of bar is given as 

db ~ p:~............................ ...... 3.8 

= ~.6Rrnm 

The slots are skewed on slot pitch. The length per bar Lb is O. J 5m. 

SHAFT DIAMETER 

. P,t ~
-

dshaft = K S 3 -;;- ............................................ 3.8 

Where Pn = output pO\\TCr 70 x 10-3 

J(s ::: specific constant 12 

n == synchronous speed] 500 

Therefore 

70 x 10 1 {~:~-----------dshdlt = 32/ J ------- = 1.152Umm 
1500 

'\. 3.3.8 Magnetic System computation Flux Density in the main pole 

The Dux density in the nwin pole can be expressed as Bmp 

lI' "!. _ •.••..••••.•••.•••..••.••.... " ....•....•..•••. :) • l) 

SHIP 



Where Smp: Cross sectional area of the main pole 

. i.e. Smp = KsLI bmp 

and Ks = 0.93 

LI = 0.0279R 

bmp = 0.0316111 

Therefore Smp = 0.9:) x O.0279R x 0.U316 = H.222 x 10-'1 

tllm is the flux = O.00068<Jwb 

0.000689 
Thercfor~ hm [) = ----- - . -.... = (UnT 

K.L./'L /- I () 1 

3.4 The Main Fhm Density in the Stator Core 

The llHlXilllllll1 III IX dCllsily ill Ihe ~;(ILor cure l·tlll thell ue expressed as: 

Where (pm = rnagnetic nux 

Ll = length of core 

Ks = staking factor (Ks = 0.93) 

Where hpl = the depth of the stator slot 

Therefore 

0.000689 0.000689 
Eul = 2- x-0-.-O-2-614-~O~()2i(-)g-;()-.l):1 = -(i6o·136()3-

= n.51,/, 
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3.4.1 Flux Density in the Rotor Teeth 

The minimum tooth width at the section of the rotor bt 2min can 

be expressed as: 

b t2min == t:2 - bp:2 .......................................... :1.10 

= 0.016 - o.()()() 

== O.Olm == 10n~m 

The rnaXlITIUm tooth \vidth I>t:2mnx o/" the rotor can be expressed as 

2hp 
bt2max == t2 1 + ----~ bP2 

D 

( 
2XO.OI) = 0.016 1+--·--·- -O.OO() 
O.104g 

( 0.(2) 
== 0.016 1+-· . -·O.O()() 

O.104X 

bt?max == L. 1 H4Rm 

The average width of the rotor teeth bt2av IS similarly expressed 

as: 

bt2 max+ ht2 min 
B t2av =, ... -.-.. ----.... -- .. -.-.- ................................................... 3.11 

2 

1.1848+0.01 
== -.----.---.-.- = O.597~m 

2 

BUt'lLl O.:~ x 0.016 x 0.0279H 0.000 1343 B 2av = ----.-.----.. - == .... ---.---.. ----.--.-.----- .. - == ------.---.-
t bt2 min LJ{s 0.0 1 x 0.02798 x 0.93 0.0002602 

= O.S2T ..................................................... ~~. 1 I 

The minimum tooth density or the rolor can be expressed as 
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I , 

· Bgt2L\ 0.3 x CU)16 x 0.02798 0.0001343 B
t
2mm = ---.-_. __ .-.- = ----... -.. ----.--.-- _ .. _. -_._-.- _._.- ----------_.-.---

bt2 max LIKs 1.184H x O'()279H x O.CJ3 0.03283 

= 0.0041 'J' ..................................................... :3.12 

B,2 max+ B,2 min ---·-------·--2· ----.---. _.- -- ......................................... 3.13 
U,2&v = 

0.52 + 0.0041 0.52111 
= ----.---- ---- = . = 0.'261' 

2 '2 

The height of rotor core hCiL is expressed ,is 

112 
-_ .!?_<I DSllnft _ __ _ Q:_!g_4_~_ (2JL! 152 

.--- = 0.4664m 
2 2 

D2 = the external dinrncter of the rotor 

Dshaft = the diameter of the shaft 

bpJ = the width of the sIn/Of slot 

Ks = stacking factor or block fill factor (for varnished sheet Kg = 0.93) 

YSl = the slot pitch for the stator 

YS2 = the slot pitch f()r tile rotor 

The external diameter ])2 of the r010r can be deduced usmg the 

exprf'SSlOn. 

D2 = D - Jg = 0.1048 - 0.0005 = 0.1043 

The internal diameter of the rotor IS given as 0.0923 - 0.01 '= 

0.0823 where 0.01 is the height of the rotor. 

'l 3.4.2 Length of Rotor 

The length of rolor core is often taken a few millimeters longer than 

LI due to the end ring. 

21 



, 
\ 

L2 = Ll + 2(lr) ................................................ 3 .. 14 

Where If is chosen to he ().()():~Ill 

L2 = 0.0279H + 2 (0.00:1) = O.027YH + O.OOh 

= 0.0339Hm 

From the B - II curve we have that for sheeted steel 

STATOR 

Bmp = 0.831' lImp:=: 688A/rn 

Bal = 1.761' 11;t1 -~ 10, ()()()/\/ M 

ROTOR 

Bt2max = 0.81' r 1t2I11<1x -- 2S0/\/ III 

Bt2min = 0.61' II t2min :=: 1 56A/ m 

Bt2av = 0.6761' Tlt2av = ISBA/m 

H 12 :=:: 1/6 [H 12max + 4 (H t2av) + H t2minJ 

= 1 /f> 12~O + 'l x 1 HB + 1 S61 c., 1 (),lA/1ll 

The height of ll1ojor teeth is taken as hL~ :=: O.CHm 

3.4.3 M.M.F of the Air Gap 

The MMF of the air gap is over 6(Y% the total number of MMF in 

the motor (design) 

The MMF of the air gap fg can be expressed as follows 
! 

.... \ B rJ 9 K'1 . 
Fg = _._-_ .. _--- ............................................................. 3.15 

U" 

Where U o : Permeability of free Sp<lCC 

)') 



/ , 

Kg: can be expressed <IS 

And similarly 

Where nand r2 (In? functions n~spcctivcJ'y of 

Ohtnincd from the graph of cnrter coefricient ror air gaps 

" (610.0005):' 
Since rl ==-~. ...; 

(5 + 61 0.00(5)2 

1.44 x l0 8 

.. . .. == 0.999 
~)+1.44xlOil 

Where b sp =: h 

Ig = 0.0005m 

t I =: (l.()'.~() <Inc! t .. =. n.() 1 () 

From the above kgl becomes 

()'020 
KgI == ..... -.--.-....... -.~~ .. - =: 1.0256 

0.020 0.999 x 0.0005 

t2 0.016 Kg2 = ---~- = .--.. -.~--.~-- .......... -~'-.. -'.--. 
t2 rIy 0.01<1 0.999 x O.OOOS 

= 1.0323 

1.0256 x 1.()J:23 

1.0SR7 
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= 1.0587 

The MMF of the air gap Fg becomcs 

0.3 x 0.0005 x 1.05R7 1.588 x 10 4 Fv = ------------ --- ----------;:--------- ---:::: - - ----- -----
:> 47T x 10 7 12.56() x 10 7 

1.2()37 x IO I X 10:1 

= 1.2637 x 102 

= 126.37 = 126.4amp 

Bg 0.3 2,,/ 
Hg = ---- = ------ = 2.38739 x 10 

U 47T x 10 7 
o 

= 23R739mnp - turns 

3.4.4 M.M.F in the Rotor Teeth 

The used cquat ion is expressed as Ft2 = ht2Ht2 

Where hb is the height of lhe rotor slol 

Therefore 

Ii'12 = 0.01 x 19.1 = 1.<).1/\ 

MMF in the rotor core Fa2 

Lenbth of path can be expressed as 

(0.01048 + 0.()l'152)7T .= ----------------------.------- ----- = 0.09 135m 
4 

Ji'C:l:.! = J \<12 x La2 = ()3 x O.Of) 13;:) = 5.7;:)505/\ 

M M F of main pole 
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F'mp = lImp x Lmp = 0.01 X 6K~·i '''' h.KKi\ 

MMP' in stntor core 

.Length 

La I == 
(' ,. 

Tr (/)1 +D) 
/. x ' 

P :2 

1 Tr (145+]02.8) = - x -.- x . -.- = 0 02 16 
45 4 2 . 

Hal = 10,000 

F<t I 'c; 10, 000 x OJ»), I h .. :; I h/\ 

J.7.G Totnl M.M.P' of the Magnetic Circuit of thc. Mc,ci1ine 

Ftolal = Fg + Fmp + Fa 1 + (i'a2 + Ft2 

1'\ = 126,4 + 6.88+ 21 h + ~.7~)S()S + l.<n 

= J5h.96i\T 

KJ = Saturation factor of the magnetic circuit. can be expressed as: 

ThG I1wgnetizillg curr':.'llt 1111 elUl be expressed as 

1.11Fr 11\1 = --... ---,,-.---.-.----
N x J(w x COS(f 

1.11 x 356.96 396.2256 = -- ----.--- ". -_. -._---- == - ---.. -.--- _.- --- . 
13:25 x 0.92 x 0.866 1055.654 

Taking 0 = 300 = 0.866 

There-fore Nu-- IO<ld ClllTt'lll is <lpproxilll:ltcly 



Therefore No - load current is appl'oxillialcly 

10 = O.3753A 

fl 
) 
) 

Variable ~ ~ 
voltage -) 

1 11 r 
~~-~-------------.. --.. - ...... ---- .... - ... --------

Figure 3.1 The stand still parameters of the motor 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

For the purpose of this project work which is basically a design 

work, only the result. Clnd discussion will be areas of focus. 

The speed of the rotat ing rotor was calculated from the rated values to be 

1500rpm. The rated millihorse power (mhp) is 93.8mbp. 

The volume of the rotor is approximately equal to 0.0006157, 

JrI)21 
which is gotten from the cylinder forl1lub i.c.· .-. _. -' , where D is the stator - - 4 

inlenwl diameter ,IIHI L is the kll~:th or lIlc stator. 

Out plil power::: 1 OOW, the voll - ulllpcfe (VA) rating of the motors ., 

952.3VA. While, efficicncy ::: 35%) and power factor = 0.3. The pole pitch, 

Tp ::: 0.7855D. 

Length of the stator == 0.2(7071) 

The magnetic loading, Bg = O.JT, the value chosen for Bg will cause a 

magnetic saturaLion of the teel h. 

The number of turns per pole is gotten to be 427 for a 4 stator slots per 

pole 17). 
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F'ig. '1.1 1~(:suItHn1. flux rpH versus () graph of the 

Altrrnnling current 

From fig. 4.1 above, No load flux (pm"" O.689mwb thus, the resultant flux 

At () (where () is the angle of rotation of the rotor) 

If they rotate further from the reference point "0" is now 900, then the 

resultullt. flux (PI< = 0, I his is lJcc<.tw;c Sin () :=:: Sin900 ::::; 1 and the 

magnitudes of the two fluxes are cancelled out. 

Further rotation to an angle of ] 800 from referen,.:e point 0, the value of 

the CPR::::: ({nn. 

At 2700 ((JR = 0 

The value of the current density 11 = 4A/mm2 which will give reasonable 

stnt~t ing torque, Also. the rnngncl ic currenl, 1111 =: O.3753A and no - load 

current 10 :=:: 0.3753A. 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

The design of a single -- phase reluctance motor which, without the 

use uf an auxiliary winding or holding magnet is capable of producing in 

any position a torque which enables the motor to be started from any 

initial position and which nlso enables a desired initial direction of 

rotation to be defined is what this whole design work is made to achieve. 

IH]. 

According to the design this object is achieved in that one of the 

permeable Il:rrolllil~~llclic IllCllllJcrs is cOllstructed in such a manner that 

it comprises, spaced along the 'lir - gnp circumference, first areas having 

a higher sat.umt.ion inc\uctClllCc, (IS a reslllt of which an aligned position 

of the movable member becomes non - aligned at increasing excitation 

current under the influence of the different saturation charuclcristies 

and the movable members hegins to rotate towards a new Flligned 

position. 

A thorough analysis of the operation of a' reluctance motor has 

shown that the mCC!lHnical position of the rotor and stator teeth is not 

the decision factor for the generation of the torque in a specific direction 

but that the motor will rotcllc in this direction if the magnetic energy 

stored in the motor increases in t.his direction. In principle, this is 
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